The present study was designed to evaluate the surface roughness and the gloss of current composites before and after toothbrush abrasion. We assessed forty dimensionally standardized composite specimens (n=8/group) from five composites: two nanohybrids (i.e., IPS Empress Direct Enamel and IPS Empress Direct Dentin), two microhybrids (i.e., Clearfil AP-X and Filtek Z250) and one organically modified ceramics (Admira). All of the specimens were polished with 4000-grid silicon carbide papers. Surface roughness was measured with a profilometer and gloss was measured with a glossmeter before and after powered toothbrush abrasion with a 1:1 slurry (dentifrice/tap water) at 12,000 strokes in a toothbrush simulator. There was a significant increase in the surface roughness and a reduction in gloss after toothbrush abrasion in all of the composites except Clearfil AP-X (p<0.05). Simple regression analysis showed that there was not an association between the surface roughness and the gloss (R 2 =0.191, p<0.001).
INTRODUCTION
Many efforts to improve direct restorative materials have been undertaken since dimethacrylate composites were introduced by Bowen in the early 1960s 1) , and a wide variety of commercial composites is now available. The development of composites for a restoration has primarily focused on filler technology 2, 3) . The size, the morphology and the constituents of the filler particles that are used in composites influence the properties of the resultant material. The modification of filler morphology has improved mechanical properties and aesthetics compared with earlier composites. However, the reduction of filler size and subsequent increase in surface area to volume ratio has limited the achievable filler loading resulting in decreased working characteristics and mechanical properties 4) . Currently, microhybrids are considered to provide an optimal balance of strength, esthetics and handling 5) . In addition, a new group of composites has recently been introduced. To overcome the problems created by polymerization shrinkage of the methacrylate-based composites, the organically modified ceramics (ormocers), which consist of inorganic-organic copolymers and inorganic silanated filler particles, have been developed 6) . Another important advance in the last few years is the introduction of nanofilled composites. Also Nanohybrid materials, which are a hybrid resin composite containing milled glass fillers and discrete nanoparticles, have been reported to combine the good mechanical strength of the hybrid composites 7) and the superior polishability of the microfiller composites 8) . In any restoration, surface quality is an important factor that determines clinical success. A smooth surface can improve the longevity and the aesthetics of restorations by reducing plaque accumulation and surface staining 9) , especially for restorations that are in close contact with gingival tissues 10) . The ability of the material to reflect direct light is also intimately related to the surface quality. This optical phenomenon is defined as gloss or reflective capacity. The surface quality should ideally be stable over the expected lifetime of the restoration. In clinical practice, the operator and the patient subjectively judge the surface characteristics of the restorations. However, the appearance of the surface changes due to wear caused by eating and oral hygiene practices. Abrasive particles in toothpastes may increase the surface roughness and decreases the gloss, which affects the aesthetic quality of a restoration 11) . However, there is not much information available on the resistance of composite surfaces to toothbrush abrasion with commercial toothpaste.
The most common method of evaluating the surface quality of composite materials has been profilometry, which focuses on roughness 8, 12, 13) . In addition, a glossmeter is used to determine composite surface gloss under standardized conditions 14) . The purpose of the 
MATERIALS AND METHODS

Specimen preparation
The five commercial composites that were evaluated in the present study are listed in Table 1 . The five composites of the same shade (A3) were chosen in accordance with type of filler particles and size of fillers. Forty dimensionally standardized composite specimens (n=8/material) were made in rectangular recesses (25 mm length×13 mm width×2 mm depth) of customized silicone molds. A glass microscope slide was placed over the top of the uncured composite, and a load of 0.5 kg was applied for 20 s to extrude the excess material. The specimens were cured for 180 s in a halogen light-curing oven (Dentacolor XS, Heraeus Kulzer, Wehrheim, Germany), which assured that the whole surface was cured at the same time. After lightcuring, the specimens were removed from the mold. All of the specimens were subsequently polished with 4000-grid silicon carbide papers under running water using a polishing machine (EXAKT, Apparatebau, Norderstedt, Germany) at a rotation speed of 500 rpm and a vertical load of 4 N. The polished specimens were cleaned in distilled water in an ultrasonic cleaner for 10 min to remove any debris and dried for 24 h.
Toothbrush abrasion
The toothbrush abrasion was conducted in a custommade toothbrush simulator (Willytec GmbH, Munich, Germany) with a table driven by a stepping motor. Three parallel steel arms were fastened on the toothbrush simulator, and a toothbrush holder was attached to the end of each steel arm to allow for horizontal movement of the toothbrush. A powered toothbrush (Oral-B Professional, Braun, Frankfurt, Germany) with a toothbrush head (Oral-B Precision Clean, Braun) was fixed to the toothbrush holder. Brass weights were mounted over the head of each arm, which resulted in an applied load of 100 g during horizontal movement of the toothbrush throughout the test. The specimens were fixed on sample holders (under the toothbrush head) that were kept in plastic containers containing a slurry of dentifrice RDA 70 (Colgate Total, ColgatePalmolive GmbH, Hamburg, Germany) and tap water (in a 1:1 weight ratio). Each plastic container was filled with a maximum of 20 mL of slurry, which assured that the samples were sufficiently covered, and refilled every 1,000 cycles. Three of these containers could be inserted at one time in the toothbrush simulator. The specimens were randomly distributed to the three sample holders to exclude any dependency on an individual brushing arm. The brushing frequency was set to 1 Hz for 12,000 cycles (complete forward and reverse movement) with a linear brushing distance of 55 mm.
After testing, the specimens were removed from the sample holders, cleaned for 1 min with an air/water spray, cleaned with an ultrasonic cleaner for 10 min and dried for 24 h. The specimens were re-evaluated for their surface roughness and gloss.
Measurement of surface roughness
The average surface roughness (Ra, µm) was measured before and after toothbrush abrasion with a surface profilometer (Perthometer S3P, Mahr, Gottingen, Germany) using a diamond stylus with a 5 µm tip radius and a 90˚ tip angle. The cutoff value for surface roughness was 0.8 mm, and the tracing length of the diamond stylus was 5.6 mm at a constant speed of 0.5 mm/s. Ten measurements were performed for each specimen: five in the horizontal direction and five in the perpendicular direction.
Measurement of gloss
Gloss measurements before and after toothbrush abrasion were expressed in gloss units (GU) and were assessed using a specular glossmeter (Micro-TRI-gloss, BYK-Gardener GmbH, Geretsried, Germany) with a square measurement area of 9 mm×15 mm and a 60˚ angle. A black opaque plastic mold was placed over the specimen during measurements to eliminate the influence of the ambient light and to maintain the exact position of the sample for repeated measurements. Six measurements and individual 90˚ rotations were performed for each specimen.
Scanning electron microscope (SEM) observation
To evaluate the morphological changes before and after toothbrush abrasion, two samples from each group were coated in gold in a sputter-coater (Polaron Range SC7620, Quorum Technologies, West Sussex, United Kingdom) and observed with an FE-SEM microscope (SUPRA 55VP, Zeiss, Oberkochen, Germany) at an accelerating voltage of 10 kV and a magnification of 5,000×.
To determine the filler morphology, the fillers were separated from unpolymerized monomer paste using a chemical dissolution technique 15, 16) . Approximately 0.5 g of each material was dissolved in 4 mL of acetone and agitated on a concussion table (HS501 digital, IKA, Staufen, Germany) at 100 rpm for 30 min and centrifuged at 2,000 rpm for 10 min. The excess liquid was removed using a pipette, and the dissolution process was repeated three times with fresh acetone each time. The remaining mass was dissolved in ethanol and centrifuged three times at 2,000 rpm for 10 min. The discrete filler particles were dried at room temperature for 24 h. Each specimen was gold-coated in a sputtercoater (Polaron Range SC7620) and observed with an FE-SEM microscope (SUPRA 55VP) at an accelerating voltage of 10 kV and a magnification of 10,000×.
Statistical analysis
All of the analyses were performed with R 2.13.1 for Windows. All of the data were analyzed at the 95% confidence level. Because the distribution of the data was not normal (Kolmogorov-Smirnov test) and variances among specimens unequal (Leven's test), non parametric methods were used. The data were expressed as the medians with interquartile ranges. To define if the toothbrush abrasion itself affected the surface roughness or gloss, a Wilcoxon signed-rank test was run for each paired group (i.e., before vs. after toothbrush abrasion). Furthermore, to detect whether the results were material dependent, a Kruskal-Wallis test was performed. A Steel-Dwass post hoc test was used to detect the differences between the groups. Simple regression analysis was carried out to determine if there was an association between the surface roughness and the gloss.
RESULTS
The surface roughness results are shown in Table 2 and Fig. 1 . The median Ra for the composites ranged from 0.057 to 0.091 μm before toothbrush abrasion and from 0.086 to 0.171 µm after toothbrush abrasion. A Wilcoxon signed-rank test revealed a significant difference in the surface roughness before and after toothbrush abrasion for all of the materials except Clearfil AP-X (p<0.05). Concerning Ra before toothbrush abrasion, no significant differences were detected among the materials (p>0.05). After toothbrush abrasion, however, a significant difference in Ra was detected among the materials (p<0.05).
The gloss results are given in gloss units (GU) and are shown in Table 3 and Fig. 2 . The median gloss values ranged from 79.9 to 85.3 GU before toothbrush abrasion and from 22.2 to 86.1 GU after toothbrush abrasion. A Wilcoxon signed-rank test revealed a significant difference in the gloss values before and after toothbrush abrasion for all of the materials except Clearfil AP-X (p<0.05). A Kruskal-Wallis test revealed a significant difference in the gloss values among the different materials both before and after toothbrush abrasion (p<0.05). Both before and after toothbrush abrasion, Filtek Z250 yielded the lowest median gloss value. Simple regression analysis showed that there was no association between Ra and the gloss (R 2 =0.191, 
p<0.001).
The SEM images of each composite before and after toothbrush abrasion are shown in Fig. 3 . Before toothbrush abrasion, all of the materials showed a smooth surface. After toothbrush abrasion, however, all of the materials demonstrated surface irregularities and surface filler dislodgement. The surface of Clearfil AP-X was smooth after toothbrush abrasion, although the surface showed minor holes. The SEM images of the fillers are shown in Fig. 4 . The diameter of the largest filler particles of IPS Empress Direct Enamel, IPS Empress Direct Dentin, Filtek Z250 and Admira was about 3 µm, whereas the diameter of the largest Clearfil AP-X filler particles was 17 µm. IPS Empress Direct Enamel, IPS Empress Direct Dentin, Clearfil AP-X and Admira contained irregular-shaped particles, whereas Filtek Z250 only contained spherical particles. All of the materials contained various sizes of particles.
DISCUSSION
The present study assessed composite surface roughness and gloss. Several studies have emphasized the importance of using more than one method for the evaluation of surface character 14, 17) , and the present study used SEM for the qualitative analyses of the composite surfaces and profilometry and a glossmeter for the quantitative analyses.
The average roughness is a vertical parameter and is frequently chosen for the quantitative description of roughness 17) . As shown in Figs. 3e, 3f and 4c, Clearfil AP-X has bigger filler particles than any of the other materials. Correlations between filler size and surface roughness have been observed in other articles 18) . Filler size is one of the reasons for the result that the difference was not significant compared with any of the other materials, although Clearfil AP-X yielded the highest surface roughness before surface abrasion. After toothbrush abrasion, all of the materials except for Clearfil AP-X yielded significantly higher surface roughness than before toothbrush abrasion. To explain this result, one point that must be taken into consideration is bonding between the filler and matrix components. Clearfil AP-X is a highly filled composite (i.e., 71% of the volume is filler), which means that the ground composite surface also consists of approximately 70% filler. Because the filler particles are large, they are buried deep in the matrix. The lack of a significant difference in the surface roughness of Clearfil AP-X before and after toothbrush abrasion may be due to the fact that the commercial toothpaste that we used is a mild abrasive that could not even remove the first filler layer in the highly filled composite. The smooth surface that was observed in the present study is a result of the machine polishing procedure, which could flatten the surface of individual fillers. A dentist's use of clinical instruments, however, may not be able to polish the fillers to the same degree, and the results for Clearfil AP-X might be different in a patient's mouth.
A clinical study reported that a mean roughness of 0.2 μm is the critical threshold value for bacterial retention 19) . In addition, another study reported that a surface roughness of 0.25-0.5 µm can be detected by a patient's tongue 20) . Because the roughness of all of the materials before and after toothbrush abrasion in the present study was less than 0.2 µm, the roughness may not be clinically relevant.
In the present study, the gloss measurements were performed at a 60˚ angle in a dry state. Since the 60˚ angle is closer to the perception of tooth gloss by an observer, it is considered reliable from a clinical perspective 21) . Gloss measurements on surfaces that are wet with water are dominated by glossy reflections rather than random reflection scattering because the light is reflected off of the water film-air interface, which is essentially smooth due to surface tension phenomena, rather than the specimen-air interface 21) . Therefore, specular gloss is overestimated on wet specimens. Importantly, most intraoral surfaces are wet, which is a condition that may counterbalance resin composite gloss differences to a certain extent. From the gloss perspective, however, care should be expressed when selecting resin composites for the restoration of anterior teeth, especially because the maxillary anteriors are more frequently exposed to air, and the dry state may reveal gloss differences 21) . Although a significant difference in the median gloss values among the composites was detected before toothbrush abrasion, the median gloss values of all of the materials were greater than 79.4 GU. After 70 GU, the human eye cannot distinguish between high and very high luster. In other words, a material that achieves 71 GU does not look less shiny to an observer than a material that achieves 90 GU. A significant reduction of gloss was detected in all of the materials except Clearfil AP-X after toothbrush abrasion. Compared with IPS Empress Direct Enamel and IPS Empress Direct Dentin, Filtek Z250 and Admira exhibited more reduction of gloss. Importantly, the perfect polish that was observed for Clearfil AP-X might not be reproducible under clinical conditions. This assumption should be tested in a separate study.
Previous studies have revealed that there is a strong correlation between surface roughness and gloss 9, 22) . Indeed, studies have reported that the degree of random reflection of light increases as the surface roughness increases, which results in decreased gloss 23) . In the present study, however, there was no association between surface roughness and gloss. This may be because gloss is also influenced by additional factors other than the surface roughness, such as the difference in the refractive indices of the resin matrix and the fillers 24) . Regarding the composition of the IPS Empress Direct products, coarse barium fillers (0.7 µm) are used in the dentin pastes to increase their strength. The enamel pastes, however, contain fine barium glass fillers (0.4 µm), which impart favorable polishing properties, high surface luster and low susceptibility to wear. Thus, this difference may have led to the result that the IPS Empress Direct Dentin yielded higher surface roughness than the IPS Empress Direct Enamel after toothbrush abrasion. Spherical mixed oxide, which is contained in both enamel and dentin pastes, enhances the shine of the material. Prepolymers are only used in dentin pastes to increase the strength of the dentin materials and to reduce volume shrinkage. In addition, ytterbium trifluoride is only added to dentin pastes to heighten radiopacity and provide fluoride-releasing properties. Because of the difference between dentin and enamel shades, one might recommend that dentists avoid using dentin shades on visible surfaces.
Filtek Z250 contains fused spheroidal zirconia/silica filler particles that range in size from 0.01-3.5 µm (the average is 0.6 µm). Filtek Z250 is 84.5% filled by weight and 60% filled by volume. Studies have reported that urethane dimethacrylate (UDMA) and high-molecularweight ethoxylated bisphenol A glycol dimethacrylate (Bis-EMA), which are contained in Filtek Z250, form fewer double bonds, which result in a slightly softer matrix 25) . Admira consists of an inorganic-organic (inorganic backbone based on SiO 2 functionalized with polymerizable organic units) network matrix formed through polycondensation, whereas the other composites are based on a purely organic matrix. The polymer network in Admira can be considered to be anisotropic. Therefore, it should not influence the surface properties of the material under the given test conditions. The filler particles, which are mainly responsible for the surface properties, are imbedded into the cross-linked inorganicorganic network matrix 26) . The average particle size of Admira is 0.7 μm, which is comparable to the other composites used in this study, and the surface properties are also comparable to the other materials.
The surface roughness and the gloss of any material are the result of the interaction of multiple factors. Intrinsic to the material itself are the filler (type, shape, size, hardness and distribution of the particles), the type of resinous matrix, the ultimate degree of cure that is reached and the bond efficiency at the filler/matrix interface 27) . Based on the present results, the first null hypothesis that toothbrush abrasion does not affect the surface roughness or the gloss of composites was mostly rejected. Only Clearfil AP-X failed to show an increase in surface roughness and a reduction in gloss after toothbrush abrasion. Tooth brushing increases the surface roughness and reduces gloss in the other composites (IPS Empress Direct Enamel, IPS Empress Direct Dentin, Filtek Z250 and Admira). The second null hypothesis that there is no association between surface roughness and gloss was accepted. The third null hypothesis that the filler system does not influence the surface roughness or the gloss could not be confirmed or rejected. Further research should be carried out to investigate the relations between the filler system and the surface roughness and the gloss.
CONCLUSIONS
Tooth brushing caused an increase in the surface roughness and a reduction in the gloss of IPS Empress Direct Enamel, IPS Empress Direct Dentin, Filtek Z250 and Admira. Clearfil AP-X resisted the wearing process and maintained a comparatively smooth and glossy surface.
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